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Abstract:
T-cell/histiocyte-rich large B-cell lymphoma (THRLBCL) is a rare histologic variant of LBCL.
Limited data regarding CD19-directed chimeric antigen receptor T-cell (CART) therapy in
relapsed/refractory (R/R) THRLBCL suggest poor efficacy. We investigated CART outcomes for R/R
THRLBCL through the CIBMTR registry. A total of 58 adult patients with R/R THRLBCL who received
commercial CD19-CART between 2018-2022 were identified. Most patients (67%) had early relapse of
disease (45% primary refractory) with a median of 3 (range: 1-7) prior therapies and were treated
with Axicabtagene ciloleucel (69%). At median follow-up of 23 months post-CART, 2-year overall and
progression-free survival were 42% (95% CI: 27-57) and 29% (95% CI: 17-43), respectively. In
univariable analysis, poor performance status pre-CART was associated with higher mortality (HR
2.35, 95%CI 1.02-5.5). The 2-year cumulative incidences of relapse/progression and non-relapse
mortality were 69% and 2%, respectively. Grade {greater than or equal to}3 CRS and ICANS occurred
in 7% and 15% of patients, respectively. In this largest analysis of CD19-CART for R/R THRLBCL,
approximately 30% of patients were alive and progression-free 2 years post-CART. Despite a high
incidence of progression (69% at 2 years), these results suggest a subset of patients with R/R
THRLBCL may have durable responses with CART.
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Key Point 1: Among 58 patients who received CD19-directed CART cells for T cell/Histiocyte 57 
Rich Large B-cell Lymphoma, the 2-year PFS was 29%.  58 
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Abstract:  59 

T-cell/histiocyte-rich large B-cell lymphoma (THRLBCL) is a rare histologic variant of LBCL. 60 

Limited data regarding CD19-directed chimeric antigen receptor T-cell (CART) therapy in 61 

relapsed/refractory (R/R) THRLBCL suggest poor efficacy. We investigated CART outcomes for 62 

R/R THRLBCL through the CIBMTR registry. A total of 58 adult patients with R/R THRLBCL 63 

who received commercial CD19-CART between 2018-2022 were identified. Most patients (67%) 64 

had early relapse of disease (45% primary refractory) with a median of 3 (range: 1-7) prior 65 

therapies and were treated with Axicabtagene ciloleucel (69%). At median follow-up of 23 66 

months post-CART, 2-year overall and progression-free survival were 42% (95% CI: 27-57) and 67 

29% (95% CI: 17-43), respectively. In univariable analysis, poor performance status pre-CART 68 

was associated with higher mortality (HR 2.35, 95%CI 1.02-5.5). The 2-year cumulative 69 

incidences of relapse/progression and non-relapse mortality were 69% and 2%, respectively. 70 

Grade ≥3 CRS and ICANS occurred in 7% and 15% of patients, respectively. In this largest 71 

analysis of CD19-CART for R/R THRLBCL, approximately 30% of patients were alive and 72 

progression-free 2 years post-CART. Despite a high incidence of progression (69% at 2 years), 73 

these results suggest a subset of patients with R/R THRLBCL may have durable responses with 74 

CART. 75 
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INTRODUCTION: 76 

T-cell/histiocyte-rich large B-cell lymphoma (THRLBCL) is a rare histologic variant that 77 

comprises <10% of LBCL and is classified as a separate entity based on the morphologically 78 

distinct appearance (1). The 5th edition of WHO classification considers THRLBCL at the 79 

extreme end of a spectrum of growth patterns of nodular lymphocyte predominant Hodgkin 80 

lymphoma (NLPHL) with a more aggressive clinical behavior (2). NLPHL and THRLBCL also 81 

share highly recurrent genetic lesions supporting a close relationship(3, 4) and distinguishing 82 

between these entities can be challenging. Due to limited available evidence regarding subtype-83 

specific outcomes in patients with THRLBCL, they are managed like diffuse LBCL (DLBCL) in 84 

the frontline and relapsed settings.  85 

A study of the tumor microenvironment (TME) in THRLBCL biopsy samples identified PD-1/PD-86 

L1 signaling as a possible pathogenic mechanism and driver of immune escape (5). Although 87 

retrospective studies in the rituximab era have reported survival rates comparable to DLBCL 88 

with intensive chemo-immunotherapy (6, 7), the treatment of relapsed disease remains an 89 

unmet need due to poor outcomes (8). While CD19-directed chimeric antigen receptor T-cell 90 

(CART) therapy has shown efficacy in relapsed/refractory (R/R) DLBCL (9-12), its role in 91 

THRLBCL remains largely undefined. In published case series of patients with R/R THRLBCL, 92 

almost all patients experienced early treatment failure post-CART infusion (8, 13). These reports 93 

have brought into question the role of anti-CD19 CART therapy in R/R THRLBCL, especially as 94 

we have learned more about its unique TME. Therefore, we investigated the outcomes of 95 

patients with R/R THRLBCL treated with FDA-approved commercial CART in the real world 96 

through the Center for International Blood and Marrow Transplant Research (CIBMTR) registry. 97 

 98 

METHODS  99 

Data source  100 
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The CIBMTR is a working group comprised of over 380 transplantation centers worldwide that 101 

provide data regarding cellular therapies to a statistical center at the Medical College of 102 

Wisconsin (MCW). Data quality is augmented through computerized affirmation of 103 

discrepancies, physicians’ review of submitted data, and on-site audits of participating centers. 104 

Observational studies are conducted by the CIBMTR in compliance with all pertinent federal 105 

regulations with regard to protection of human research participants. All patients included in this 106 

analysis have provided written consent for research. The Institutional Review Board of MCW 107 

has approved this study. Patient provide informed consent for their data to be reported to 108 

CIBMTR. 109 

 110 

Patients  111 

Adult patients (≥18 years) with THRLBCL who received FDA-approved commercial CD19-112 

directed CART products (axicabtagene ciloleucel or axi-cel, tisagenlecleucel or tisa-cel, 113 

lisocabtagene maraleucel or liso-cel) as their first cell therapy infusion between 2018 and 2022 114 

were identified in the CIBMTR registry. Patients were excluded if they had received prior 115 

adoptive cellular therapy, not consented for research, or treated at embargoed or European 116 

Union centers.  117 

 118 

Definitions and endpoints  119 

Overall survival (OS) was the primary outcome. Patients alive without evidence of disease 120 

relapse or progression were censored at last follow-up. Death from any cause was considered 121 

an event for OS analysis. Secondary outcomes included progression-free survival (PFS), 122 

cumulative incidence of progression/relapse (CIP/R), non-relapse mortality (NRM), incidence of 123 

cytokine release syndrome (CRS) and immune-effector-cell-associated neurologic syndrome 124 

(ICANS). For PFS, progression/relapse or death from any cause were considered events. NRM 125 

was defined as death without evidence of prior lymphoma progression/relapse; relapse was 126 
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considered a competing risk. CIP/R was defined as relapsed lymphoma after CART; NRM was 127 

considered a competing risk. Bridging was defined as any therapy, including radiation, 128 

administered between apheresis and CART infusion, or patients’ last line of treatment before 129 

CART if it was continued after apheresis. Disease response to last line of therapy at the time 130 

before CART was defined using the Lugano Classification(14, 15). 131 

 132 

Statistical analysis  133 

Baseline characteristics of the study population were described. CRS and ICANS were reported 134 

according to the consensus ASTCT criteria (16). Kaplan-Meier estimates were used for OS and 135 

PFS. Forest plots were created to present hazard ratios and their 95% confidence intervals 136 

based on the univariable Cox model. All statistical analyses were performed using SAS version 137 

9.4 (SAS Institute, Cary, NC). 138 

 139 

RESULTS  140 

A total of 58 patients from 37 centers met the study inclusion criteria and were included in the 141 

analysis. Baseline patient and disease characteristics are summarized in Table 1. Prior to 142 

CART, 17 (29%) patients had bulky disease (>5 cm), and 12 (21%) had bone marrow 143 

involvement. The median age at CART infusion was 49 years (range: 19-76), with 12 patients 144 

(21%)>65 years. Patients were predominately male (79%), white (69%) and non-Hispanic/non-145 

Latino (88%). One-third of patients (N=19) had a comorbidity score(17) of >3 and 24 (41%) had 146 

a Karnofsky performance status (KPS) <90. Most patients (N=39, 67%) had early relapse of 147 

TCHRBCL (within 12 months of first-line therapy), including 26 (45%) with primary refractory 148 

disease. The median number of prior therapies was 3 (range: 1-7), which included 21 (36%) 149 

patients with prior autologous stem cell transplantation (SCT) and 1 (2%) patient with prior 150 

allogeneic SCT.  151 
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Axi-cel was the predominant CART product (N=40, 69%), followed by Tisa-cel (N=15, 26%) and 152 

liso-cel (N=3, 5%). Bridging therapy was reported in 18 (31%) patients, most commonly multi- or 153 

single-agent chemotherapy (23%). Almost all patients (93%) had active disease pre-CART; only 154 

4 patients were in complete remission (CR).  155 

 156 

CRS was reported to occur in 40 (69%) patients: 26 (45%) grade 1, 10 (17%) grade 2, 2 (3%) 157 

grade 3, and 1 (1.7%) each grade 4 and 5. ICANS was reported in 17 (29%) patients: 5 (9%) 158 

grade 1, 3 (5%) grade 2, 4 (7%) grade 3, 5 (9%) grade 4 (Supplemental Table 1). By day 100 159 

post-CART, best overall response rate (ORR) was 50% with 28% CR and 22% partial 160 

responses (PR). ORR and CR rates were similar between CART products (Supplemental Table 161 

2).  162 

With a median follow-up of 23 months (range: 2-48) from CART infusion, 2-year OS was 42% 163 

(95% CI: 27-57), and PFS was 29% (95% CI: 17-43; Figure 1). Among patients who achieved a 164 

CR as of day 100, the 2-year cumulative incidence of relapse was 33% (95% CI: 5-71%), 165 

corresponding to a 2-year OS and PFS among these patients of 92% (95% CI: 73-100%) and 166 

67% (95% CI: 32-94%), respectively. Considering only those patients who were not already in 167 

CR at infusion (n = 54), the 2-year OS and PFS were 39% (95% CI: 24-56) and 25% (95% CI: 168 

12-40%), respectively. 169 

In a univariable analysis, there were no significant associations with PFS or OS except KPS<90 170 

pre-CART infusion, which was associated with significantly higher risk for mortality HR 2.37 171 

(95% CI 1.02-5.5) (Figure 2). The 2-year CIP/R was 69% (95% CI: 55-82) and NRM was 2% 172 

(95% CI: 0-8). A total of 30 deaths were reported during the follow-up period, with lymphoma 173 

recurrence/progression, seen in 23 (77%) patients, being the most common cause of death 174 

(Supplemental Table 3). 175 

 176 

DISCUSSION 177 

D
ow

nloaded from
 http://ashpublications.org/bloodadvances/article-pdf/doi/10.1182/bloodadvances.2024013863/2234363/bloodadvances.2024013863.pdf by guest on 18 July 2024



 

 

THRLBCL is a rare aggressive histologic subtype of LBCL. The pivotal clinical trials that led to 178 

the approval of CART products (axi-cel, tisa-cel, liso-cel) predominantly enrolled patients with 179 

the DLBCL, NOS histology(11, 12, 18). CD19-directed CART can be used for treating patients 180 

with R/R THRLBCL; however, its therapeutic efficacy is not well established. In this largest 181 

study to date of R/R THRLBCL treated with CART therapy, we found that nearly 30% of patients 182 

were alive and progression-free 2-years post-CART. The day-100 post-CART ORR and CR 183 

rates were 50% and 28%, respectively. Prior real-world analysis from the CIBMTR of patients 184 

treated with axi-cel(19) and tisa-cel(20) for R/R LBCL have reported higher day-100 ORR 60-185 

73% and CR rates 44-56% but similar 2-year PFS 28-36% and OS 44-45%. Thus, post-CART 186 

outcomes of patients with R/R THRLBCL overall appear potentially less favorable than DLBCL 187 

but some patients do experience durable responses.  188 

 189 

As our understanding of the TME of THRLBCL increases, future therapeutic options may 190 

emerge. Griffin et al. found that malignant THRLBCL B-cells can have PDL1/PDL2 copy gain or 191 

amplification in 64% of cases associated with increased PD-L1 expression. Their study also 192 

reported clinical responses to PD-1 blockade in 3 of 5 patients with R/R THRLBCL, including 2 193 

CR and 1 PR (5). A multi-center case series by Trujillo et al. reported that 9 out of 9 patients 194 

with THRLBCL had progressive disease by day-90 post-CART (13). They noted evidence of 195 

adequate CART expansion in 3/3 cases studied and CD19 expression remained intact on 5/5 196 

assessable cases on progression post-CART. The authors observed high co-expression of PD-197 

1 and observed objective responses in 2 out of 5 patients treated with anti-PD-1 therapy post-198 

CART progression. Thus, they hypothesized that THRLBCL is inherently CART-resistant due to 199 

its unique TME. Checkpoint inhibitor therapy with anti-PD-1 antibodies is uncommonly utilized 200 

for patients with relapsed aggressive LBCL due to low efficacy, including in the post-CART 201 

setting (21, 22). However, it is possible that in certain histologies such as THRLBCL in which 202 

there is a biological rationale, combining PD1 blockade with CD19-CART may be a reasonable 203 
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approach to try and overcome CAR-T resistance. Trials are currently underway to investigate 204 

this strategy (NCT05934448).  205 

 206 

Our study has limitations inherent to real-world studies, such as lack of central confirmation of 207 

pathologic diagnosis (including history of NLPHL), missing details on disease burden (e.g. LDH) 208 

as well as bridging and subsequent therapies post-CART progression, day-30 post-CART 209 

response, duration of response and loss to follow-up. However, this is the largest cohort of R/R 210 

THRLBCL treated with CART therapy with 93% and 86% patients having 1- and 2-year post-211 

CART follow-up, respectively. 212 

 213 

In summary, our study found that ~30% of patients with R/R THRLBCL may have durable 214 

responses with CART indicating that CD19-directed CART remains a potentially curative 215 

therapeutic option for this rare disease. However, the risk of progression remains high. Current 216 

research is evaluating combination strategies with anti-PD1 antibodies to improve outcomes for 217 

patients with THRLBCL. 218 
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Table 1: Baseline characteristics of patients who underwent CART for THRLBCL reported 372 

to the CIBMTR June 2015-March 2022 (N=58) 373 

Characteristic N (%)  

Age at CART infusion, years, median (range) 49 (19-76) 
Female sex 12 (21) 
Race  
   White 40 (69) 
   Black/African American 11 (19) 
   Other/not reported 7 (13) 
Ethnicity  
   Non-Hispanic/Non-Latino 51 (88) 
   Hispanic/Latino 3 (5) 
   Other/not reported 4 (7) 
Pre-infusion Karnofsky performance status  
   90-100 28 (48) 
   70-80 22 (38) 
   < 60  2 (3) 
  Not reported 6 (10) 
HCT-CI*  
   0 17 (29) 
   1-2 19 (32) 
   3+ 19 (33) 
   Not reported 3 (5) 
Bulky disease prior to CART  
   0 – 5 cm 19 (33) 
   5 – 10 cm 13 (22) 
   > 10 cm 4 (7) 
   Not reported 22 (38) 
Bone marrow involvement at diagnosis 12 (21) 
Received bridging therapy  
   No 32 (55) 
   Yes 18 (31) 
   Not reported 8 (14) 
Lines of prior therapy, median (range) 3 (1-7) 
Prior autologous transplant 21 (36) 
Prior allogeneic transplant 1 (2) 
Product  
   Axicabtagene ciloleucel 40 (69) 
   Tisagenlecleucel 15 (26) 
   Lisocabtagene maraleucel 3 (5) 

 374 

*HCT-CI: hematopoietic cell transplantation-comorbidity index  375 
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Figure legends: 376 

1 - Overall and progression free survival of patients with relapsed THRLBCL treated with 377 

CD19-CART in the CIBMTR registry. 378 

2 - Univariable analysis of association with (A) OS and (B) PFS 379 

OS: overall survival; PFS: progression:free survival; KPS: Karnofsky performance status; Tisa-380 

cel: tisagenlecleucel; Axi-cel: axicabtagene ciloleucel; HCT - Hematopoietic cell transplantation; 381 

Allo-HCT allogeneic hematopoietic cell transplantation. Auto-HCT autologous hematopoietic cell 382 

transplantation. 383 
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